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Abstract
This studywasperformedto evaluatethe applicabilityof a simpledevice (MicroRints) formeasuringairwayresistance, to
derive normalvalues and to compare valueswithmaximal expiratory flow volume (MEFV) parameters in asthmatic and
healthy children.Repetitive Rint measurements were performed in125 healthy children and107 asthmatic children (age
range 0.8^16.8 years).In 42 asthmaticpatients Rint andMEFV valueswere comparedandin 29 asthmaticchildrenbronch-
odilationtestingwasperformed.Successful Rintmeasurementswerepossible in 91% ofthe children.Themeancoefficient
of variation of repeated measurements was 7.1(76.1)%. Rint values of healthy children showed a significant curvilinear
correlationwith age (r=0.80,Po0.001) andheight (r=0.81,Po0.001).In asthmatic andhealthychildren Rint valueswere
comparable. A significant inverse correlation was found between Rint and MEFV values (for FEV1 and Rint r=0.80,
Po0.001). After bronchodilation there was a significant increase in FEV1and decrease in Rint, but changes between the
twoparameters didnotcorrelate.In conclusion, the interrupter technique is feasible andrepeatable in children andhas a
significantcorrelationwithotherparametersof airwaycaliber.Baselinevaluesdonotdiscriminatehealthy fromasthmatic
children.r2003 Elsevier Science Ltd.Allrights reserved.
doi:10.1053/rmed.2002.1452, available online at http://www.sciencedirect.com
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Medical history and physical examination are the most
importantparameters for diagnosis and treatmentof re-
current respiratory problems in young children, because
objective parameters of lung function cannot always be
obtained.
During the lastdecade severalpulmonary functionde-
vices for young children have been developed, but most
are only applicable in a research setting.Moreover, appli-
cation of these devices often requires sedation of the
child, special equipment and a laboratory setting.
One of the techniques, used for measuring resistance of
the respiratory system is the interrupter technique,
which was ¢rst described by Von Neergaard and
Wirz (1).Received 22 March 2002, accepted in revised form12 August 2002
Correspondence should be addressed to:Dr H.G.M. Arets
Department of Pediatric Pulmonology,University Medical Centre
Utrecht, P.O.Box 85090, 3508 ABUtrecht,The Netherlands.Fax: +31
30 2504747; E-mail: h.arets@wkz.azu.nlTheMicroRints is a small portable data recording air-
way resistancemeter, using the interrupter technique. It
measures airway resistance during quiet breathing, re-
quires minimal subject co-operation and can be used
during spontaneous breathing and without sedation.
Theoretically this makes it applicable even in very young
children and in patients unable to co-operate with nor-
mal (forced) breathing techniques.
The basis of the interrupter technique is that, during
transient interruption of the tidal air£ow, alveolar pres-
sure andmouth pressure equilibratewithin a fewmillise-
conds. The alveolar pressure can therefore be derived
from the measurement at the mouth immediately after
interruption. If the £ow is measured immediately prior
to interruption, the ratio of pressure to £ow gives the
interrupter resistance (Rint). It should be stated that
pressure equilibration is incomplete in case of severe air-
way obstruction and that this is a limitation of themodel
onwhich Rint is based.
In adults,Rint shows a close correlation to airwayresis-
tance (Raw) measured by whole body plethysmography.
In asthmatic subjects, the methods were equally
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lowing bronchodilation (2,3), but Rint tended to measure
higher resistances, probably due to a contribution of
chest wall rigidity, lung tissue resistance and the glottis
to airway resistance (4,5).Only recently studies have also
evaluated the applicability of the Rint technique in
children (6^12).
The purpose of the present study was to evaluate the
applicabilityof theMicroRints in childrenwith andwith-
out asthmatic symptoms in daily practice, to establish
normal values and to compare Rint values with maximal
expiratory £ow volume (MEFV) parameters asmeasures
of airway patency.
SUBJECTSANDMETHODS
Subjects
Interrupter resistance was measured during sponta-
neous breathing in 232 children (112 male, 120 female).
One hundred and seven children were known with doc-
tor’s diagnosed asthma according to the BritishThoracic
Society (BTS) de¢nition (13).These children were tested
in a clinically stable situation. The other 125 children
were recruited from two primary schools and two
day care centers. For the latter group parents had com-
pleted a modi¢ed International Study of Asthma and
Allergies in Childhood (ISAAC) (14) questionnaire. Pa-
tients with a history of asthma, asthma treatment,
dyspnoea, eczema, wheezing or recurrent coughing
were not included into the study.Measurements in these
children were performed during a visit to the schools.
Informed consent was obtained from the parents of
all children. Subject characteristics of 107 asthmatic and
125 healthy children are shown inTable 1.There were no
signi¢cant di¡erences between asthmatic and healthy
children.
In 42 asthmatic children (mean age 8.7(73.4) years,
FEV1107.0(+13.3) % pred.),MEFV curves were performed
and MEFV parameters were compared with Rint values.
In 35 of these children Rint and MEFV measurements
were repeated, 15min after inhalation of 800mg
salbutamol (pMDI through spacer). Because six
children could not perform Rint measurements before
bronchodilation, comparison of MEFV and Rint values
could only be made in 29 children. Prior to pulmonary
function testing no bronchodilators had been used
for at least 6 h.
METHODS
Airway resistance was measured using the MicroRints
(Micro Medical Limited, Kent, UK). Flow was measured
with a pneumotachometer consisting of a steel resistive
element and a high-frequency solid-state pressure trans-
ducer. The same pressure transducer was used to mea-sure the mouth pressure post-occlusion. Measurements
were performed in a sitting position.Children were en-
tertained and attentionwas diverted to reduce their an-
xiety and to prevent abnormal breathing.Measurements
were made using a cardboard mouthpiece (410 years:
2.7 cm diameter, o10 years 2.0 cm) and the subjects
were instructed towear a nose clip, seal their lips around
the mouthpiece and to lay their tongue on the £oor of
the mouth to prevent obstruction of air £ow. Cheeks
andmouth £oor were supported by the hands of the in-
vestigator to prevent energy loss and to reduce the ef-
fect of mouth compliance. During spontaneous normal
and quiet breathing, the interrupter valve was operated
manually twice to accustom the child to the shutter ac-
tion. Thereafter, 10 air£ow interruptions were made on
the peak £ow of an expiration; these occurred at ran-
dom frequency and automatically so that they could not
be anticipated, thus independent of the investigator’s
timing. After 10 interruptions the median Rint value was
displayed as were the £ow and pressure curves. A single
interruption resistance value was (automatically) re-
jectedwhen an artifact on the pressure curve occurred.
Manual rejection was performed in case of tachypnoea,
usage of vocal cords, extreme neck £exion or extension
or leakage of themouth piece.Tracings not showing the
timing of interruption on the £ow tracing, or tracings
with a horizontal or declining pressure signal suggesting
leakage at themouth, or with an altered ventilation pat-
tern were discarded as well. Before a Rint measurement
was considered successful, a median Rint value had to be
obtained from a minimum of ¢ve out of10 interruptions.
Reasons for failure were recorded. The number of suc-
cessful measurements and the number of acceptable in-
terruptions per measurement were recorded. All Rint
measurements were attempted twice in order to evalu-
ate inter-measurement variability. Rint measurements al-
ways precededMEFVmaneuvers.
We evaluated the validity of Rint measurements by
measuring the inter-measurement repeatability of two
tests 30^60 s apart and the intra-measurement variabil-
ity for every individual measurement consisting of 5^10
acceptable interruptions.Normal valueswere calculated
for healthy subjects and these were compared with
those for asthmatic children (according to age, height
and gender).
MEFV curves were measured using a pneumotach-
ometer system with a heated Lilly head (MasterScreen
Pneumo or Jaeger Masterlab, Erich Jaeger, Wˇrzburg,
Germany). Equipment calibration conformed to (Eur-
opean Community for Steel and Coal (ECSC)) instruc-
tions (15). Allmeasurements were BTPS corrected.
Values for the following parameters were obtained:
FEV1, FVC, PEF, MEF75 and MEF50. All parameter values
were described both as absolute values and as percen-
tage of predicted values, described by the summary
equations of Zapletal et al. (16).
TABLE 1. Patient characteristics of the asthmatic and
healthychildrenwhoperformedbaselineMicroRintmea-
surements.
Asthma Healthy
Numberof children 107 125
Male/female 52/55 60/65
Age (years (SD)) 7.6 (3.3) 8.2 (2.8)
Height (cm (SD)) 125.8 (19.6) 132.2 (18.2)
Weight (kg (SD)) 27.4 (11.5) 29.8 (10.4)
No successfulmeasurements. 10 (9%) 10 (8%)
One successfulmeasurement 17 (16%) 19 (15%)
Two successfulmeasurements 80 (75%) 96 (77%)
Total successfulmeasurements 97 (91%) 115 (92%)
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Data are reported asmean7standard deviation (SD), un-
less indicated otherwise. The repeatability of Rint mea-
surements was evaluated by inter-measurement and
intra-measurement coe⁄cients of variation (CV=SD/
mean).BlandAltmanplotswere constructed to ¢nd limits
of agreement between two repeatedmeasurements (17).
The reliability coe⁄cient (RC), also called the intra-
class correlation coe⁄cient, was used to describe the
within-subject stability of average Rint values. In children
with‘‘n’’ successful interruptions the subject’s true Rint va-
luewas estimatedby taking the average overn interrup-
tions.The RC of this average calculated Rint was de¢ned
as:
RC ¼ s2inter=ðs2inter þ s2inter=nÞ;
inwhichs2inter is the between-subject variance of true
Rint mean, s
2
intra is the within subject variance of single
Rint values within one subject, and n is the number of in-
terruptions used to calculate the average Rint within a
subject.The nearer RC is to1, the more stable the aver-
age ratio.
A student’s t-test was used for comparison of
data. Correlation between two parameters was
evaluated by Pearson correlation coe⁄cients. Correla-
tion between age and number of successful measure-
ments was analyzed using logistic regression with the
number of successful measurements as the dependent
variable
RESULTS
Feasibility
Results are shown inTables1^3. At least one (out of two)
acceptable baseline Rint measurement could be per-
formed in 212 of the 232 children (91%) (Table1); this per-
centage was similar in asthmatic (97/107 = 91%) andTABLE 2. Feasibilityof Rintmeasurements in the di¡erent subjec
n meas.a Numberof successfu
0 1
A 15 2 3 5
B 158 2 8 21 12
C (no B2) 24 2 3 4
(/+ B2) 35 4 1 3
Total 232 15b 33 15
A = kindergarten,B = schoolchildren,C = outpatientclinic pat
aOnly in 35 asthmatic children four Rint measurements were pe
after bronchodilation.In all other subjects only two repetitiveme
bBecause ¢ve childreninthebronchodilatorgroupwere onlyable
mentswere evaluated.healthy children (115/125 = 92%). In ¢ve asthmatic chil-
dren measurement was possible after, but not before
bronchodilation (Table 2).Children were between 0 and
17 years old, but most children were between 4 and 12
(n=207).
Of all children, 76% were able to produce two succes-
sive measurements. A signi¢cant, although weak, corre-
lation was found between age and number of successful
measurements (r = 0.18, Po0.01). Of 20 preschool chil-
dren (15 in kindergarten, ¢ve in outpatient clinic) in
whom tworepetitive e¡ortsweremade at least one suc-
cesfullmeasurementwas possible in15 (75%) of children.
Results for preschool children are presented inTable 3.
The main reasons for failure were blowing into or suck-
ing on the device, or refusal to take the device into the
mouth.
The mean number of successful interruptions per
measurement was not signi¢cantly di¡erent between
healthy (7.6 (+2.2)) and asthmatic (8.0 (+2.1)) children.
There was a signi¢cant correlation between age and the
number of successful interruptions (i.e. during one mea-
surement), (r = 0.17, P = 0.012).tgroups (n= number, meas =measurements)
lmeasurements Z1good test Allgood tests
2 3 4
7 80% 47%
9 95% 82%
17 88% 71%
3 5 23 97% 66%
6 5 23 94% 76%
ients,B2=bronchodilator.
rformed, two repetitive Rint measurements before and two
asurmestswere performed at baseline.
toproducevalues after B2, only 212 usablebaselinemeasure-
TABLE 3. Feasibilityof Rintmeasurements inpre school children (n= number).
n No successful
measurement
One successful
measurement
Two sucessful
measurements
At leastone
succesfulmeasurement
0^1year 1 1 0 0 0
1^2 years 2 2 0 0 0
2^3 years 8 0 5 3 8 (100%)
3^4 years 9 2 3 4 7 (78%)
Total 20 5 8 (35%) 7 (40%) 15 (75%)
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Rintmeasurements of 212 childrenwere evaluated before
or without bronchodilation. The mean inter-measure-
ment coe⁄cient of variation (CV) was 7.1(76.1).CV cor-
related signi¢cantly with both age (r = 0.214, P=0.004)
and height (r = 0.215, P =0.004).There were no signi¢-
cant di¡erences between girls and boys, nor between
asthmatic and healthy children.
The mean di¡erence between two consecutive mea-
surements was 0.005 (70.11) kPa l1s, indicating that
95% of the values of Rint in the secondmeasurement fell
between 0.23 and +0.21kPa l1s (lower and upper lim-
its of agreement, Fig. 1). There was a signi¢cant inverse
correlation between the absolute di¡erence between
two measurements and both age (r=0.283, Po0.001)
and height (r =0.256, Po0.001).
The mean intra-measurement CV was 12.2 (75.5)%.
Therewas a signi¢cantcorrelationbetweenCVandboth-0.80
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FIG. 1. Analysis of agreement between MicroRint values of two coage (r = 0.277, Po0.001) and height (r = 0.317,
Po0.001).No signi¢cantdi¡erenceswere foundbetween
girls and boys or between asthmatic and healthy chil-
dren. Reliability coe⁄cients of 1^10 interruptions are
shown in Fig. 2.The use of one single interruption (n=1)
would result in a Rint valuewith a reliability coe⁄cient of
0.90. An increase in the number of interruptions would
increase the reliability coe⁄cient of the subsequently
measured Rint value.
Normal values
The mean Rint of healthy children was 0.64
(70.26) kPa l1s.There was a signi¢cant correlation be-
tween age and Rint (r = 0.80, Po0.001) and between
height and Rint (r = 0.81, Po0.001). Fig. 3 shows the Rint
values for healthy children in relation to their height.This1 1.2 1.4 1.6 1.8 2
ean Rint 
upper limit
lower limit
nsecutivemeasurements (Bland Altmanplot (13)).
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FIG. 2. Reliabilitycoe⁄cients ofthe Rint value calculated as an average ofn sequential interruptions.
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FIG. 3. Rint values inhealthychildren vs. height.
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TABLE 4. Correlation between Rint and MEFV para-
meters in 42 asthmatic children (r= correlation coe⁄-
cient)
r P
FVC 0.775 o0.001
FEV1 0.797 o0.001
PEF 0.754 o0.001
MEF50 0.65 o0.001
MEF75 0.63 o0.001
0.4
0.6
0.8
1
1.2
R
in
t (k
Pa
/l/s
)
0.54
0.71
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sion formula:
Rint (kPa l
1s) = 0.0001 (height)20.0399 (height)+
4.0288, with height expressed in centimeters (R2 = 0.65).
Addition of age to this model did not improve R2.There
were no di¡erences between boys and girls.
For asthmatic children the mean Rint value was 0.70
(70.27) kPa l1s, which was not signi¢cantly di¡erent
from normal values and was also signi¢cantly correlated
with age and height.There was a large overlap between
the Rint values of healthy and asthmatic children, irre-
spective of a doctor’s diagnosis or a questionnaire-based
diagnosis of asthma.
ComparisonwithMEFVmeasurements
Rint correlated signi¢cantly with FEV1 in asthmatic chil-
dren (r =0.800, Po0.001, Fig. 4). Signi¢cant inverse cor-
relations were observed between Rint and absolute
values of FVC, PEF, MEF25, MEF50 and MEF75 (Table 4),
butnotbetween Rint andMEFVparameterspresentedas
percentage of predicted.
Reversibility
After bronchodilation a signi¢cant increase inmean FEV1
from1.59 (70.60) l to 1.69 (70.69) l (mean increase+0.100
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FIG. 4. Rint values in asthmatic childrenversus FEV1.
0
0.2
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FIG. 5. Rint values before (baseline) and after bronchodilation
in 29 asthma patients (dashed line ismeanvalue).(70.13) l, Po0.001) coincided with a signi¢cant decrease
in mean Rint from 0.71 (70.21) kPa l
1s to 0.54
(70.18) kPa l1s (mean decrease 0.15 (70.11) kPa l1s,
Po0.001) (Fig. 5). In only eight children an increase of
more than 8% of FEV1%pred. was observed.Twenty one
pairs were concordant (increase in FEV1and decrease in
Rint).However, the linear correlation between changes in
Rint and FEV1was not signi¢cant (r=0.12, P=0.59).
DISCUSSION
We evaluated the feasibility and repeatability of the Mi-
croRints in a group of asthmatic and healthy children.
The majority of children of all ages was able to perform
Rint measurements and repeatability was good. Rint va-
lues showed a signi¢cantcorrelationwith absoluteMEFV
372 RESPIRATORYMEDICINEparameters. Although in most asthmatic patients, a de-
crease in Rint was found after bronchodilation, therewas
no linear correlationbetweenchanges in Rint and changes
in FEV1.
Feasibility
The setting for measuring Rint was either a simple o⁄ce
setting in schools (and day care centers) or the outpati-
ent department. Measurements were performed by
rather inexperienced medical students, formerly un-
known with the method, who received only minimal in-
structions about use of the device before starting Rint
measurements. All childrenwere inexperiencedwithMi-
croRintmeasurements.We tried to distract the children
from ‘‘conscious breathing’’ by playing games, parental
presence or observer attendance. Parents were encour-
aged to attend the measurements in order to reassure
their children and encourage the correct use of the de-
vice; ideally there should be a quiet testing areawith suf-
¢cient ‘‘quiet’’distraction.Theuse of a facemask (without
nose clips) might enable measurements in smaller chil-
dren but may also introduce problems such as leakage,
increase of dead space, intranasal obstructions and nasal
breathing (7). Klug and Bisgaard used a facemask
with a built-in non-compressible mouthpiece in order
to prevent nasal breathing and to support the cheeks
(7). In a recent study, Child et al. found higher values of
Rint using a mouth piece compared to face mask.
They were equally reproducible, but values were not
interchangeable (18).
In our study, children 4 years and older were generally
quite able to co-operate in MicroRint measurements,
which led to reliable results. In younger children co-op-
erationwas less easily achieved. In thepresent studyonly
40% of 1^3-year-old children were able to perform two
measurements; similar datawerereportedbyBridge and
co-workers, who performed successful reversibility test-
ing in 53, 71 and 91% of 2-, 3- and 4-year-old children,
respectively (6).
Validity
Inter-measurement variability of two tests, 30^60 s
apart, was small.The mean di¡erence between two Rint
measurements was comparable with data found by
Bridge et al. (7). These di¡erences decreased with in-
creasing age (and height) as could be expected. In our
study the variability is low compared to earlier reports
(12), especially whenwe take into account thatmeasure-
ments were performed in inexperienced children and by
relatively inexperienced medical students. Intra-mea-
surement variability for individual measurements con-
sisting of 5^10 interruptions was also small, especially in
the older children. Both intra- and inter-measurementvariability were independent of gender, diagnosis and
bronchodilation, which augments the applicability.
The small inter-measurementvariability allows for the
application of this technique in bronchial challenge test-
ing, using the ‘‘variance-based’’ provocation dose (giving
a change in Rint to ‘‘baseline Rint + 2SD’’). This method
proved to be a very good discriminator between healthy
and asthmatic children (19).
Reliability coe⁄cients for statistical evaluation of the
stability of Rint after1^10 interruptions showed that even
after one or two interruptions a reliable Rint value canbe
found, which indicates that the premise to use a mini-
mum of ¢ve acceptable interruptions to measure Rint is
acceptable. In the present study, after ¢ve interruptions
the reliability coe⁄cient rose to 0.98.
In an earlier study, we evaluated the reliability coe⁄-
cients of tidal breathing £ow pattern analysis in quietly
breathing children; reliability coe⁄cients were much
lower (20), indicating that MicroRintmeasurements can
be performed in a much shorter time span.
Normal values
We found a signi¢cant correlation between height (and
age) and Rint, re£ecting a decrease in airway resistance
during growth. The data were not log-transformed to
achieve normal distribution prior to the ¢t. In this study
only a general impression of height^Rint correlationwas
presented. In a recent study we presented reference va-
lues for children 3^13 years of age, using log-transformed
data (21).
The rangewaswide andno di¡erenceswere foundbe-
tween healthy and asthmatic children.Therewere no re-
levant gender di¡erences.Few data on normal Rint values
were available until recently. Van Altena and Gimeno
evaluated Rint values in adults and reported a mean Rint
of 0.38 (+0.17) kPa l1s and a signi¢cant relationship be-
tween Rint and both age and height (22). For a more ex-
tensive use of the interrupter technique in children
reference values are needed for the (whole) pediatric
age group. Only recently reference values were pre-
sented for 3^13 year old children (21). In preschool chil-
dren reference data were presented in two recent
studies (23,24). In1998 Klug and Bisgaardpublishedrefer-
ence values of Rint for 2^7-year-old children, related to
height (8); they also found a wide range and that a single
measurement could not demonstrate airway obstruc-
tion. In preschool children Mckenzie et al found signi¢-
cant di¡erences between children with recurrent
wheezing and both healthy controls and recurrent
coughers (24). The present study failed to distinguish
healthy from asthmatic subjects using only baseline va-
lues. This might be due to the fact that these patients
were symptom free during examination and were prob-
ably only mildly a¡ected (normal FEV1%pred). Recently,
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mildly asthmatic children is often in the normal range
(25). Probably also Rint in mild asthmatics can be in the
normalrange.Thismayexplain the inabilityof a single Rint
measurement to discriminate between healthy and asth-
matics.
Recent studies showed comparable results for airway
resistance measured by impulse oscillometry, e.g.
Hellinckx et al. found no di¡erence in respiratory system
resistance at 5Hz (Rrs5) between healthy and asthmatic
children, nor in changes after bronchodilation (26).
Comparison between Rint andMEFV
parameters
We found a signi¢cant curvilinear relationbetweenmax-
imal expiratory £ow volume parameters and Rint. The
Rint values correlated well with FEV1, FVC and PEF, but
only when absolute values were concerned.The latter is
caused by the fact that during growth there is an abso-
lute gradual decrease of airway resistance and increase
of air £ows, but of course not of pulmonary function
parameters, expressed as percentage of predicted.
Comparable results were reported by Mijnsbergen et al.
who found a correlation coe⁄cient of0.74 in asthmatic
patients and0.58 inCF patients (27).Two other studies
compared FEV1 and interrupter conductance (Gint), the
reciprocal of Rint; both reported highly signi¢cant corre-
lations between Gint and absolute FEV1 and PEF values
(3,28).
Reversibility testing
As with FEV1 and many other pulmonary function test
parameters baseline Rint measurements could not di¡er-
entiate between asthmatic and healthy children. There
was a signi¢cant decrease of airway resistance after
bronchodilation, coinciding with a small increase in FEV1
and PEF. In ourgroup of asthmapatientswithrathermild
airway obstruction, only small changes in airway resis-
tance and patency could be expected. Mean percentual
improvement of Rint values after bronchodilation was
higher than that of FEV1 (22.5 vs. 6.3%). In this study re-
versibility testing was notperformed in healthy children.
The latter has been performed in a recent study by Bey-
don et al. In a group of 5.3 (71.4)-year-old children they
found a change (% of predicted values) in expiratory Rint
of12% (95% CI46% to +22%) (29).
In our very young children, the repeatability was rela-
tively poor, which restricts reversibility testing. If we
consider a decrease in Rint greater than two SD of var-
iance (i.e. 0.22kPa l1s) to re£ect reversibility, this rever-
sibility was found in only a small percentage of children
with proven reversibility, shown by FEV1measurements.
Bridge and co-workers studied reversibility in wheezypreschool children and found a signi¢cant decrease in
most children; however, because no MEFV measure-
ments were performed in these children the correlation
with FEV1 was unknown (6). McKenzie et al. compared
Rint reversibility in healthy, coughing and wheezing pre-
school children and showed thatpercentual Rint decrease
is less in healthy preschool children compared towheez-
ing children (30).
We found a poor and non-signi¢cant correlation be-
tween changes of FEV1 and Rint after bronchodilation.
Morrison et al. reported comparable results in young CF
patients (9).To our knowledge no studies have evaluated
this correlation in adults (MEDLINE search1965^2001). In
our opinion the poor correlation between changes in
FEV1 and Rint is probably due to the fact that measures
of lung function obtained from a forced expiratory man-
euver may have di¡erent physiologic implications than
thosemeasured during tidal breathing, as was alsomen-
tionedby other investigators (3,12).This and the fact that
these children were probably only mildly asthmatic may
explain the lack of correlation between FEV1 and Rint
changes.
We conclude that MicroRintsmeasurement provides
a feasible and repeatable method for measuring airway
resistance in children of all ages. Normal values show a
highly signi¢cant correlations with age and height. The
correlation with MEFVmeasurements is good. A single
measurementcannot identify airwayobstruction and re-
versibility testing shows a signi¢cant decrease in many
asthmatic children, although not signi¢cantly correlating
with changes in FEV1.
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